) demonstrated superiority of modern endovascular thrombectomy approaches in patients with acute ischemic stroke from large vessel occlusion when compared Background and Purpose-Patients with posterior circulation strokes have been excluded from recent randomized endovascular stroke trials. We reviewed the recent multicenter experience with endovascular treatment of posterior circulation strokes to identify the clinical, radiographic, and procedural predictors of successful recanalization and good neurological outcomes. Methods-We performed a multicenter retrospective analysis of consecutive patients with posterior circulation strokes, who underwent thrombectomy with stent retrievers or primary aspiration thrombectomy (including A Direct Aspiration First Pass Technique [ADAPT] approach). We correlated clinical and radiographic outcomes with demographic, clinical, and technical characteristics. Results-A total of 100 patients were included in the final analysis (mean age, 63.5±14.2 years; mean admission National Institutes of Health Stroke Scale score, 19.2±8.2). Favorable clinical outcome at 3 months (modified Rankin Scale score ≤2) was achieved in 35% of patients. Successful recanalization and shorter time from stroke onset to the start of the procedure were significant predictors of favorable clinical outcome at 90 days. Stent retriever and aspiration thrombectomy as primary treatment approaches showed comparable procedural and clinical outcomes. None of the baseline advanced imaging modalities (magnetic resonance imaging, computed tomographic perfusion, or computed tomography angiography assessment of collaterals) showed superiority in selecting patients for thrombectomy. 
with the standard medical therapy alone, including the use of intravenous thrombolysis. With some variations in imaging inclusion criteria and time window for randomization, all the 5 trials shared 1 key feature, that is, only patients with anterior circulation strokes were included. Recently updated American Heart Association/American Stroke Association (AHA/ASA) guidelines for the management of patients with acute ischemic stroke stated that, although uncertain, thrombectomy may be reasonable in carefully selected patients with posterior circulation strokes, when initiated within the first 6 hours of stroke onset (Class IIb, Level of Evidence C). 6 Outside of clinical trials, endovascular therapy of posterior circulation strokes with stent retrievers and modern distal aspiration catheters is currently offered to a variety of patients using different selection criteria and treatment approaches, resulting in a wide range of clinical outcomes. [7] [8] [9] [10] However, clinical and imaging predictors of success outcomes, and optimal recanalization approaches in this specific group of patients are not understood as well as in anterior circulation strokes because posterior circulation strokes have not been studied extensively. The aim of this study was to review our recent multicenter experience with endovascular treatment of 
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posterior circulation strokes and identify clinical, imaging, and procedural predictors of successful recanalization and good neurological outcomes.
Methods
The study was approved by the local institutional review board at each participating center for retrospective data collection and review. Data on consecutive stroke cases with posterior circulation strokes who underwent stent retriever thrombectomy since the Food and Drug Administration approval of stent retrievers Trevo (Stryker, Kalamazoo, MI) and Solitaire FR (Medtronic, Minneapolis, MN) or primary aspiration thrombectomy using large-bore aspiration catheters (Penumbra Inc., Alameda, CA) between March 2012 and July 2015 were collected. Posterior circulation strokes were defined as strokes with large vessel occlusion including 1 or more of the following segments: basilar artery, posterior cerebral artery, or V4 segment vertebral artery. All participating centers used no upper age or National Institutes of Health Stroke Scale (NIHSS) score limit when selecting patients for endovascular therapy. All centers considered treatment of patients with up to 24 hours of stroke onset. Intubation was not an exclusion criterion. The choice of imaging modality at each participating center is listed in Table I in the online-only Data Supplement. The choice of imaging modality was based on each center's acute stroke imaging protocol. All centers excluded patients with large brain stem strokes from endovascular treatment.
The following data were collected: age, sex, cerebrovascular risk factors, admission NIHSS score, time of symptom onset, the type of screening imaging modality, and intravenous tissue-type plasminogen activator (tPA) use in the emergency room. Procedural technical details included femoral artery puncture and final recanalization times, type of primary endovascular therapy (stent retriever or direct aspiration), number of retrieval passes, and the use and description of rescue therapy. Stent retriever thrombectomy was considered the primary treatment strategy when distal aspiration alone was not performed initially, and at least one pass with the stent retriever device was attempted first. Primary aspiration was considered the first-line strategy, when aspiration thrombectomy with a large-bore aspiration catheter alone was attempted first, according to the technique described previously. 7, 11 Successful recanalization was defined as a Thrombolysis in Cerebral Infarction (TICI) score of 2b/3. 12 Functional neurological outcomes were quantified using the modified Rankin Scale at 90 days. Favorable outcome was defined as modified Rankin Scale score of ≤2. Intracranial hemorrhage was classified as symptomatic if it was associated with any worsening of NIHSS score. Baseline imaging, recanalization rates, and postprocedural imaging were reviewed by local investigators at each participating site and were not adjudicated by a central core laboratory.
Statistical analysis for each outcome variable analyzed in this study was performed with SAS statistical software (SAS Institute, Cary, NC). Analysis of univariate data was performed using the 2-tailed t test for continuous data, Fisher exact test for categorical data, and the Mann-Whitney U test, where appropriate. Multivariate analysis of variance (MANOVA) was used for all other data. For all statistical analyses, P<0.05 was considered statistically significant.
Results
A total of 102 patients with posterior circulation strokes from 8 participating centers were treated with endovascular therapy during the study period. In 2 cases, local intra-arterial thrombolysis with recombinant tPA was performed first resulting in successful recanalization, and planned mechanical thrombectomy was not performed. These 2 cases were excluded, thus, a total of 100 cases were included in final analysis.
Mean Shorter time from symptoms onset to the start of the procedure (femoral puncture, mean time 432 versus 637 minutes in patients with poor outcomes; P=0.015) and successful recanalization (P=0.0013) was associated with favorable clinical outcomes at 3 months. The rate of favorable clinical outcome progressively decreased with longer time to femoral puncture from symptom onset (Figure) but did not reach statistical significance in the entire cohort of 100 patients when the MannWhitney U test was used (Table 1 ; P=0.053). However, when dichotomization by time was applied only to the population of patient with successful recanalization (TICI 2b/3), to exclude the effect of poor recanalization on outcomes, there was a significant association between clinical success rate and the time of the procedure (Table 2 ; P=0.02). Multivariate analysis (Table 3) confirmed the association between the start of the procedure within 6 hours and favorable outcome (P=0.011), as well as with the ability to achieve recanalization within 6 hours (P=0.0039).
Intravenous tPA was administered before initiation of thrombectomy in 32 cases. Of those, endovascular therapy was initiated in 20 cases within 6 hours of stroke onset, with a 65% rate of favorable clinical outcome at 3 months. In the remaining 12 cases, thrombectomy was initiated beyond 6 hours, with favorable clinical outcome rate of only 30%.
When treatment outcomes were compared among the 8 participating centers, there was no difference in the rates of successful recanalization (P=0.96), but there was significant variability in the rates of favorable clinical outcome at Figure. Clinical outcomes of patients according to the modified Rankin Scale (mRS) at 3 months, depending on the time from symptom onset to the start of procedure (femoral puncture).
3 months (P=0.32), as shown in Table I in the online-only Data Supplement. This could be because of variations in time from stroke onset to start of procedure among the participating centers; the center with the shortest mean time from stroke onset to femoral puncture (296 minutes) had the highest rate of favorable clinical outcome (60%).
Stent retriever thrombectomy as the primary approach to revascularization was used in 58 of 100 (58%) of cases. In the remainder 42 cases, primary aspiration thrombectomy without the use of a stent retriever was attempted first. The rate of conversion to the use of stent retriever in those cases was 20 of 42 (48%). There was no significant difference between recanalization rates, the use of rescue therapy, overall procedure duration, and clinical outcome between the 2 treatment approaches (Tables 4 and 5) .
Out of 100 cases, 19 cases required the use of rescue therapy. In 13 (68%) of those 19 cases, TICI 2b/3 was achieved after the use of rescue therapy, and the use of rescue therapy was not associated with poor clinical outcomes (Tables 4 and 5 ).
Discussion
Our study represents a real world experience with the endovascular treatment of posterior circulation strokes using modern endovascular therapies, including stent retrievers and large-bore distal aspiration catheters. One of the key findings is the strong effect of time to treatment on the rate of clinical outcome. In our series, the rate of good clinical outcome was twice as high in patients, whose thrombectomy was initiated within the first 6 hours than in patients treated beyond the 6-hour window. The strong effect of time to intervention and reperfusion on clinical outcomes is well described in anterior circulation strokes. This includes the recent analysis of SWIFT and Solitaire FR Thrombectomy for Acute Revascularisation (STAR) trials, 13 studies focusing on early generation thrombectomy approaches, such as the IMS III data set analysis, 14 and the pooled analysis of the Mechanical Embolus Removal in Cerebral Ischemia (MERCI) and Multi Mechanical Embolus Removal in Cerebral Ischemia (MERCI) trials. 15 However, there was no effect of time to the start of 
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intervention on the rate of successful recanalization in our series, which remained consistently around 80%. The 6-hour window cutoff might be an important criterion for prediction of outcomes in patients with posterior circulation strokes, who undergo thrombectomy, but this needs to be further investigated. In a systematic review of studies describing outcomes of basilar artery occlusion treated with stent retriever thrombectomy, of 10 articles that reported time to recanalization, 8 indicated that thrombectomy was initiated beyond the 6-hour window. 16 In our cohort, patients who received intravenous tPA first had a delay in initiation of endovascular therapy beyond 6 hours in 38% of cases. This could be a reflection of a paradigm where endovascular therapy would only be considered once intravenous tPA failure was demonstrated, which is no longer recommended by the AHA/ASA guidelines for anterior circulation strokes. 6 Presently, no evidence-based recommendations for endovascular therapy of posterior circulation strokes exist, either within or beyond the 6-hour window. The Basilar Artery International Cooperation Study (BASICS) is recruiting patients to determine whether endovascular therapy provides additional benefit to best medical management (including intravenous tPA within 4.5 hours). 17 The protocol of this randomized trial requires initiation of endovascular therapy within 6 hours of stroke onset.
Singer et al 18 recently analyzed 148 consecutive patients with basilar artery occlusion as a part of the Endovascular Stroke Treatment (ENDOSTROKE) registry. This study currently represents the largest series of posterior circulation strokes treated with contemporary thrombectomy devices, of which 84% were stent retrievers. Thirty-four percent of their patients were functionally independent (modified Rankin Scale score, 0-2) at 3 months, and mortality was 35%, which is similar to our findings. However, in ENDOSTROKE, symptom onset to treatment time was not significantly associated with clinical outcomes, although a trend toward a higher rate of poor outcomes from thrombectomy initiated beyond the 9-hour window was noted by the authors.
In our series, none of the advanced imaging studies was associated with higher rates of clinical outcomes. In contrast, in the ENDOSTROKE registry, the use of MRI was found to be associated with better clinical outcomes than CT-based patient selection. 18 In our series, the number of patients, who were selected with MRI-based approach, was disproportionally low, which might have introduced a type II error. An alternative explanation would be that perfusion-guided selection or assessment of collateral status with CT angiography is equally accurate for patient selection when compared with the use of MRI. All of the cases included in our series had at least 1 type of advanced imaging modality used for selection purposes.
Other studies indicate that all 3 imaging modalities (MRI, CT perfusion, and CT angiography assessment of collaterals) could be used for prediction of clinical outcomes in posterior circulation strokes. [19] [20] [21] Another important finding in our series is that both stent retriever thrombectomy and aspiration thrombectomy demonstrate comparable angiographic and clinical outcomes. In cases, where aspiration thrombectomy alone was attempted first, nearly half of cases (48%) subsequently required the use of stent retrievers. This conversion rate is higher than what was demonstrated in A Direct Aspiration First Pass Technique for Acute Stroke Thrombectomy (ADAPT FAST) series, where successful recanalization with aspiration alone was achieved in 78% of cases. One potential explanation is that in ADAPT FAST, only 5% of cases involved the posterior circulation, which might be more challenging for the primary aspiration approach. 7 Son et al 22 compared procedural details of basilar artery occlusion thrombectomy from a single center, where 13 patients were treated with the Solitaire stent retriever and 18 patients were treated with primary aspiration thrombectomy alone. There was no significant difference between clinical outcomes. The overall rates of TICI 2b/3 recanalization were similar, but the rate of complete recanalization, defined as TICI 3, was significantly higher in patients treated with aspiration thrombectomy. None of the 18 patients treated with aspiration thrombectomy required the use of stent retrievers or other rescue therapy. Jankowitz et al 10 in their series of 112 patients with aspiration thrombectomy (of which only 12 patients had posterior circulation strokes) reported 41% rate of conversion for adjunct therapy, which mostly included stent retriever. Given the variability in procedural details, a prospective randomized study is needed to definitively determine whether one of the thrombectomy approaches is superior to the other.
Limitations of our study include its retrospective design, variations in treatment protocols, and patient selection criteria at individual participating centers. The images were not adjudicated by an independent core laboratory, creating the possibility of miscalculating angiographic results and symptomatic intracranial hemorrhage rates.
Conclusions
Time to the start of procedure is an important predictor of clinical success after thrombectomy in patients with posterior circulation strokes. The rate of good clinical outcome was twice as high in patients whose thrombectomy was initiated within the first 6 hours than in patients treated beyond the 6-hour window. Both stent retriever and aspiration thrombectomy as primary treatment approaches are effective in achieving successful recanalization and have similar rates of good clinical outcome.
